An aromatic L-amino acid decarboxylase was crystallized from the cell free extract of Micrococcus percitreus. The purification procedure included protamine sulfate treatment, ammoniumsulfate fractionation, DEAE-Sephadexcolumn chromatography and Sephadex G-200 nitration. Crystals were obtained from a solution of the purified enzyme by the addition of ammonium sulfate. The crystalline enzyme preparation was homogeneous as judged by ultracentrifugation and SDS-polyacrylamide gel electrophoresis.
carboxylases.2) These enzymes were found to be constitutively synthesized in a little amount in the bacterial cells, and concerning with the biosynthesis of polyamines. Wickmer et al.
described that S-adenosyl-L-methionine decarboxylase3) has also the biosynthetic function, as well as these two decarboxylases.
In addition to the above biosynthetic lornithine, L-arginine and S-adenosyl-L-methionine decarboxylases, a bacterial strain, Micrococcus percitreus, was found to constitutively produce an enzyme which catalyzed decarboxylation of aromatic L-amino acids, such as L-tryptophan, L-phenylalanine, and 5- 2) Microorganism and medium. Micrococcus percitreus AJ 1065 was used as the enzymesource. The basal medium for cultivation consisted of 0.5% peptone, 0.5% meat extract, 0.2% NaCl and 0.05% yeast extract in tap water. pH of the mediumwas adjusted to 7.0.
3) Cultivation of the bacterium. M. percitreus AJ 1065 picked up from an agar slant of the basal mediumwas inoculated in the subculture (twenty 2-liter flasks each containing 700-ml of the basal medium), and cultured aerobically at 30°C for 24hr on a reciprocal shaker. The subculture was, in turn, inoculated into an one kl jar fermenter containing 700 liters of the medium consisted of 0.5% glycerol, 0.5% yeast extract, 0.5% polypepton, 3% soybean protein hydrolyzate, 0.1% KH2PO4, 0.1% MgSO4-7H2O, 0.001% FeSO4-7H2O, 0.001% MnSO4-5H2O and 0.01% antifoam AF emulsion in tap water.
The medium was adjusted to pH 8.0 by the addition of 30% KOHsolution. The culture was allowed to grow aerobically for 24hr at 30°C. The grown cells (approx- Step 2; First protamine treatment. One-fifth volume of 10% protamine sulfate solution at pH 7.0 was added, dropwise with stirring, to 22.5 liters of cell homogenates. Then, the mixture was stirred for 60min, and the cell debris and the precipitate formed were removed by centrifugation at 16,000xg for 30 min.
Step 3; First ammoniumsulfate fractionation. Solid ammoniumsulfate was added to 20.4 liters of the supernatant solution prepared in Step 2 to give 30% saturation, and the precipitated protein was removedby centrifugation at 16 Step 4; Secondprotamine treatment. Ninetythree milliliters of 10%protamine sulfate was added at pH 7.0 to the dialyzate (1,430ml), and, after stirring for 60min, the precipitate formed was removed by centrifugation at 16,000xg for 30min. The supernatant solution was dialyzed overnight against 20 liters of 0.05 m potassium phosphate buffer, pH 7.0.
Step 5; First DEAE-Sephadex column chromatography. The enzyme solution (1,420ml) was applied on a DEAE-Sephadex A-50 column (13 x 20cm) equilibrated with 0.05m potassium phosphate buffer, pH 7.0. After the column was washed thoroughly with the same buffer, the enzyme was eluted stepwise with 0.1m potassium phosphate buffer, pH 7.0, supplemented with 0.2 and 0.3m KC1. The active fractions pooled (2.4 liters) were concentrated by the addition of ammoniumsulfate to give 55%saturation and the precipitate was dissolved in 0.05 m potassium phosphate buffer, pH 7.0, followed by dialysis overnight against 100 times volumeof the same buffer.
Step 6; Second ammoniumsulfate fractionation. Solid ammoniumsulfate was added to the dialyzed enzyme solution (500ml). The precipitate which formed between 30 and 38% saturation wascollected by centrifugation at 16,000 x g for 30min and resuspended in 85ml of 0.05 m potassium phosphate buffer, pH 7.0, followed by dialysis against the same buffer.
Step Table I . Crystallization. Fine powdered ammonium sulfate was cautiously added to the purified enzyme solution until it became slightly turbid, and the mixture was placed in an ice bath. Crystallization began after about 8 hr and was virtually complete within 10 days. Figure 1 mercaptoethanol for a period of more than ten months without loss of activity. Whenthe enzyme was incubated at various pH at 30°C, for 60min, it was found to be stable between pH 6.0 and 7.0 (Fig. 2) . The purified enzyme was stable until 35°C but rapidly inactivated at above 50°C as shown in Fig. 3 , on incubation at various temperatures fer, pH 7.0, containing 10~5 m pyridoxal phosphate, 10~2m 2-mercaptoethanol, 10~3m dithiothreitol and 10~4m EDTA, as shown in Fig. 4 . In polyacrylamide gel disc electrophoresis, although the pure enzyme migrated from cathode to anode as a broad protein band (Fig. 5) , all of which gave the enzymatic activity. This enzyme gave a single band when examined by SDS-polyacrylamide gel electrophoresis according to Weber and Osborn,7) using 10% gels and an SDSphosphate buffer system at pH 7.2 (Fig. 5) . The enzymepreparation was estimated more than 95% homogeneity from the result of densitometry of the SDS-electrophoresis gel.
Sedimentation and diffusion coefficients. The sedimentation coefficient in water at 20°C, extrapolated to zero protein concentration (^2o,w) was found to be 6.2 s when protein concentration was varied from 2.5mg to 6.0mg per ml of the buffer. A diffusion coefficient £>2o,w of6.0 x 10~7 cm2 sec"1 was determined for a 3.31 mg per ml solution of the protein. Purified enzyme (10 fig) was applied to the gel and carried out as described under Experimental Procedures using 10% gel and SDS-phosphate buffer system at pH7.2.
Molecular weight and subunit structure. Assuming a partial specific volume of 0.74ml/g, the molecular weight of the enzyme was calculated to be 101,000±5,000 from the values of sedimentation and diffusion coefficients, according to the equation of Svedberg and Pederson.13) The molecular weight, extrapolated to zero protein concentration, was calculated from sedimentation equilibrium, in which protein concentration was varied from 0.5mg to 1.5mg per ml of the buffer described in Fig. 6 . The rotor speed and temperature were 9,341 rpm and 20°C, respectively. A molecular weight of 105,000 daltons was calculated using a partial specific volume of 0.74 ml/g. The molecular weight was also determined by gel filtration on Sephadex G-150 of purified enzymetogether with several reference proteins as described under Experimental Procedures. The molecular weight of the enzyme was calculated to be 102,000.
Disc gel electrophoresis in the presence of sodium dodecyl sulfate (SDS) was carried out to determine molecular weight of subunit according to the procedure of Weber and Osborn7) and a single band of this subunit had relative migration corresponding to molecular weight of 48,000 when compared with the subunit molecular weights of protein standards.
3) Catalytic properties
Dependence of activity on pH. The pH dependence of aromatic L-amino acid decarboxylase is shown in Fig. 6 . The enzyme showed the maximumactivity at pH 9.0 for ltryptophan. Substrate specificity and kinetics. The relative rates of CO2 evolution by the pure aromatic L-amino acid decarboxylase from various aromatic L-aminoacids are shown in Table III . In addition to L-tryptophan, the (Fig. 7) . Kmand Fmaxvalues for L-tryptophan, L-phen- Table III Kinetic measurements were done in the assay systems described in Fig. 7 , wherein NH4OH-NH4C1 buffer, pH 9.0 were used. Table IV .
Stoichiometry of h-tryptophan decarboxylation by aromatic L-amino acid decarboxylase.
The stoichiometry of L-tryptophan degradation was measured under standard assay condition. The reaction was allowed to proceed to complete as ascertained by Ehrlich reaction. The reaction was stopped after 3 hr of incubation, and an aliquot of the reaction mixture was analyzed for tryptamine and CO2.
It was shown ( Table V) In the course of investigation in our laboratory on the metabolism of L-tryptophan by bacteria, we found that the higher decarboxylating activity toward ltryptophan was shown in the cell extracts of various bacteria, mainly belonging to Micrococcaceae. Preliminary experiments on enzyme formation showed that the highest enzyme activity was observed when these bacteria were grown in a mediumwithout aromatic L-amino acids. Both bacterial growth and enzyme formation were also strongly inhibited in the presence of tryptamine which Table V . Stoichiometry of l-Tryptophan Decarboxylation by Aromatic l-Amino Acid Decarboxylase The reaction was carried out at 30°C for 3hr in a reaction mixture containing 0.2 unit of the enzyme, 5 jianoi of L-tryptophan, 1 fimol of pyridoxal phosphate and 250/miol of NH4OH-NH4C1 buffer, pH 9.0, in a total volume of 2 ml. An aliquot of the reaction mixture was analyzed for tryptamine and CO2. Crystals of the enzyme were obtained by the addition of ammonium sulfate. The crystalline enzyme preparation was apparently homogeneous on ultracentrifugal analysis and SDS-polyacrylamide gel electrophoresis. Crystalline aromatic L-amino acid decarboxylase prepared by the above procedure showed negligible activity when assayed in the absence of pyridoxal phosphate, and, therefore, was almost entirely in the apoenzyme form. mutually. An average of molecular weight of enzyme as determined above was 101,000+ 5,000. The enzyme was evident to be composed of two identical subunits in molecular weight of 48,000.
Similar sedimentation constant and molecular weight of 112,000 have been reported by Christenson et al.10 ) with 97-100% homogeneous aromatic L-amino acid decarboxylase from hog kidney.
The broad substrate specificity of ltryptophan decarboxylase from M. percitreus is similar to that reported for aromatic lamino acid decarboxylase of hog kidney.10) aMethylaromatic amino acids were very slowly decarboxylated by the Micrococcus enzyme.
Decarboxylating activity against a-methylaromatic amino acids found in this decarboxylase is similar in some respects to that reported for l-DOPAdecarboxylase from pig kidney9) and for glutamate decarboxylase.n)
